Abstract: Robotic telepresence technologies are becoming ever more usable and affordable, as well as increasingly available as consumer products. In the coming years, a significant number of people are likely to encounter the technology for the first time, and many, if not most, of them are going to be "non-technical" users, that is, people who do not have special technical knowledge and skills of IT-professionals. Therefore, understanding how nontechnical users are getting familiar with robotic telepresence technology, how they perceive the technology, learn to control it, and relate it to their everyday work practices, is a topical research issue. This paper reports an empirical study, in which eight non-technical users, office workers who were not IT-professionals, were introduced to robotic telepresence and provided with a practical experience of acting as pilots of a remotely controlled robot. In follow up interviews the participants were asked to reflect on potential uses of the technology in their professional activities. The participants could successfully acquire basic navigation skills and reached a high level of spatial presence, but experienced problems with developing a "new body image". When reflecting on the potential of the technology for supporting their work, the participants envisioned a number of benefits associated with remote physical mobility. The impact of the technology on the quality of workrelated social interactions was expected to be generally positive but somewhat limited.
Introduction
Robotic telepresence technologies -also known as Mobile Remote Presence (MRP) systems -are remotely controlled devices that combine video conference functionality with physical navigation capabilities. A typical MRP system comprises a wheeled base and a computer-mediated audio/video communication unit that includes a display, camera(s), microphone(s), and speaker(s) (see Figure 1 ). Studies have shown that MRP systems have significant advantages over stationary video conference systems. The ability for the user who remotely controls the device ("the pilot") to move around in a physical setting opens up the possibility for him or her to attend face-to-face meetings, strike ad hoc conversations in hallways, approach individual people at the time and place of their own choosing, etc. [1] [2] [3] . In short, MRP systems make it possible for remote pilots to significantly increase the level of their physical and social presence in a setting.
In recent years, robotic telepresence technologies have become more powerful, usable, affordable, and increasingly available as consumer products. Hundreds of thousands of MRP units are likely to be used now in various everyday contexts [4] . Arguably, the current state of the diffusion of MRP systems can be described as having passed the early adopters phase and entering the early majority phase [5] . It means that many more people can be expected to start using the technology in the near future and that some (if not most) of the new users will have no advanced technical skills.
The above developments indicate that a practically important and urgent research issue is to understand how people, especially "non-technical users", encounter mobile remote presence for the first time. Getting an insight into the attitudes, expectations, assumptions, problems, as well as initial exploration and appropriation strategies of people, who are newly exposed to robotic telepresence technology, may help anticipate and prevent potential barriers to a successful appropriation of the technology during the oncoming phase of its wider diffusion. We define non-technical users as people who do not have special background and skills regarding digital technologies beyond what would be expected of an average worker who uses digital technology on an everyday basis. It includes people who have experience with, e.g., office software, email, instant messaging, and video conferences, but does not include people who have experience with robotics, telepresence, or various technologies for developing software.
In this paper, we report an empirical study, in which non-technical users, namely, office workers who could be expected to benefit from the use of MRP systems, were introduced to robotic telepresence technology. The introduction included a general overview of the technology, as well as a hands-on experience session of operating a concrete MRP system. The overall aim of the study was to find out how non-technical users make sense of newly experienced technology, that is, how they understand the technology and relate it to their everyday work practices. Such insights can, arguably, inform and guide the exploration of the design and use space of MRP-systems.
The rest of the paper is organized as follows. The next section presents an overview of two types of related work: (a) empirical studies of MRP systems appropriation and (b) the conceptual frameworks that we use to inform our analysis of how people are getting familiar with new technologies. Two sections that follow describe, respectively, the method and results of the study we conducted. Then we discuss the results and conclude with reflections on our findings and prospects for future research on the issue.
Related work

User studies of MRP systems
There are a number of user studies within the area of MRP that are relevant to this work. These studies range from controlled experiments to more open settings, from shortterm to long-term ones, and include various forms of user groups such as IT-professionals, teachers, students, medical professionals, children, and conference attendees.
Studies of IT-professionals working in office environments revealed both positive and negative impacts of robotic telepresence on work. For example, a study of MRP systems in the context of office meetings by Tsui et al. [3] found that while the majority of the participants were positive about the technology (there were even cases where participants outside of the study wanted to use the robot for attending meetings), some of them decided to quit using the system before the study was finished. A longerterm study [1] , which also involved technology experts, indicated a promising potential of the technology for office workers. This study was carried out for several months, and it was possible for the researchers to uncover new uses and social norms developed during that time.
Two studies looked at how robotic telepresence technology was used at academic conferences, UbiComp/ISWC 2015 [6] and, on a bigger scale, at CHI 2016 [7] . The participants in these studies were academics in the fields of human-computer interaction (HCI) and Ubiquitous Computing, and therefore can be considered IT-professionals, or "technical users" in a broad sense. These two studies pinpointed challenges and possibilities of employing MRP in a big local environment shared by a large number of local users. Both studies make positive conclusions about the MRP usage; they found that MRP-systems enabled researchers to attend conferences that they could not visit otherwise due to various reasons, e.g. visa, child-care and illness. On the negative side, issues with the Wi-Fi connection (especially in elevators), navigation, and meeting unknown local users, proved to be challenges that the participants had to deal with.
During the study conducted at CHI 2016, [7] there were several observed cases of impolite and bullying behavior directed towards the robots/pilots. A strong, negative, experience was also reported by two of the participants in a study reported by Rebola and Eden [8] . Such abusive behavior of local users shows that there is a social dimension that needs to be taken into account when introducing MRP-systems in diverse settings.
Gleason and Greenhow [9] conducted a study on hybrid learning in higher education, in which one of the tools mediating learning and teaching were MRP systems. The study setting was a PhD-course where the students could use an MRP-system for participating in lectures when they were unable to attend in person. The study found a positive effect of the technology, in comparison to video conference systems, which supports the hypothesis that embodiment provides an additional important dimension for learning. In another study, having the teachers being the pilots solved some logistical problems, such as second language teachers working from remote locations [10] .
Several studies were dealing with how MRP-systems can be used in elderly-care contexts, in which the systems are located at care-takers' homes and can be used by caregivers, friends, and relatives. These studies contributed to the design process aiming at developing and evaluating telepresence robots, either as separate devices [11] , or parts of larger-scale support systems, in which the robots were a crucial component [12, 13] . A number of these studies have been long-term ones [14, 15] . The focus of the research has been mainly on how to use robotic telepresence technology to support relatives and caregivers in visiting the elderly, who are in need of assistance. Even though the studies have been conducted in the specific context of elderly care, several of the proposed design solutions and use cases are applicable in other contexts.
Orlandini et al. [15] present a review of the evaluation and technological evolution of the Giraffe [16] MRP robot in the context of elderly care. On the basis of several studies, carried out over forty-two months, they suggest a number of design recommendations that include interface design aspects, improved camera for low light conditions and detailed views, assistance for navigation in tight spaces (caretakers' apartments) and to face-to-face interactions with the local user, and adjustable height of the robot.
A study by Beer and Takayama [17] explored the possible design and use space of MRP for older adults. It was concluded that while older adults were interested in using the system, because of medical as well as social reasons, they needed special types of input devices. Rae et al. [18] further explored the use-space of robotic telepresence by first conducting two surveys in order to find relevant use cases. Based on this data, they designed solutions for two use cases: visiting a museum and sharing a meal.
The evidence reported in existing work provides a number of valuable insights regarding how robotic telepresence technology can be integrated into everyday work activities. At the same time, the evidence is currently still limited. In particular, while it was found that telepresence technology has potential advantages for office workers, the studies involving office workers mainly involved technical professionals. On the other hand, previous research, in which the technology was introduced to non-technical users (such as caregivers or teachers), mostly focused on potential implications of the technology for a predefined set of concrete work activities The aim of the study reported in this paper was to address the limitations of existing research by (a) exploring the beliefs and behavior of "non-technical" office workers in order to understand the challenges and possibilities this user group anticipates, and (b) helping the participants to practically experience the technology in order to get a deeper understanding of the system's capabilities and limitations and then envision their own specific activities and use contexts. Our approach bears some similarity to the explorative nature of Rae et al. [18] and Beer and Takayama [17] studies of how MRP can benefit elderly people outside of the nursing context.
Since the specific focus of the study reported in this paper is on the sense-making processes, learning, and experiences, which take place during the initial phases of appropriation, first encounters with new technologies are of special interest to our analysis. In our opinion, first encounters with technology do not receive the attention they deserve in current HCI research. While they are considered important because they mark the transition from anticipated user experience to other types of experience [19] , and there are some empirical studies of first encounters [20, 21] , to the best of our knowledge, comprehensive conceptual accounts of first encounters in HCI and interaction design are currently missing.
Relevant conceptual frameworks
The main conceptual frameworks employed in the study are activity theory [22] [23] [24] , instrumental genesis [25] , and embodied interaction [26] . The choice of these analytical tools is determined by the particular needs of our inquiry. The frameworks emphasize the importance of analyzing technological artifacts in the context of meaningful activities of embodied human actors and offer a set of concepts and principles for guiding such analyses. These aspects of activity theory, instrumental genesis, and embodied interaction make the frameworks especially suitable for studying how people make sense of a new technology supporting embodied telepresence.
Activity theory is a theoretical approach, originally developed in Russian psychology [24] , which postulates the centrality of meaningful, social human activity, mediated by culturally developed artifacts, as a basic concept for understanding learning, development, the use of tools, and the human mind in general. In the last decades, activity theory transcended geographical and disciplinary borders and is now being widely used internationally in education, organizational learning, and various fields dealing with human-technology interaction [22, 23, 27] .
In particular, in HCI activity theory has become a leading "post-cognitivist" theoretical framework, adopted in order to overcome the limitations of informationprocessing psychology as a conceptual foundation for exploring the role of motivation, culture, and development in human interaction with technology. It has been acknowledged that one of the key advantages of adopting activity theory in HCI is the ability of the theory to provide an account of the context of technology use [27] . The centrality of the analysis of context in our study (and, more generally, in this special issue s "Robots in Context") is a key reason for choosing activity theory as a theoretical framework informing the study. An additional reason for adopting activity theory is that recently there has been increased interest in activity theory in HRI and related areas of research. For instance, Huang and Mutlu [28] employed activity theory to develop a social behavior toolkit for robots, and Riva et al. [29] offer an analysis of presence informed by activity theory.
A comprehensive introduction to activity theory is beyond the scope of this paper; such introductions can be found elsewhere (see, e.g., [22] [23] [24] ). Instead, we summarize below some of the key concepts, which provide insights into the appropriation of new technologies and are therefore relevant for the discussion in this paper.
First, activity theory states that appropriation takes place within the context of meaningful human activities. In other words, "appropriation" is not an abstract concept and there is no universal appropriation scale. To address the issue of appropriation in a concrete and substantial way one needs to take into account the specific activities, which are affected, and understand how exactly they are affected by the introduction of a new technology [23, 24, 30] .
Second, the theory differentiates between three levels of activity: activities, actions, and operations [24] , which generally correspond to the questions of "Why?", "What?", and "How?" [31] . Appropriation of a new artifact may affect these different levels differently. For instance, the impact of a new artifact may be limited to the level of operations. In that case, what is changing are the ways people achieve their goals, while the goals themselves remain the same. In other cases, appropriation may result in some of the goals being changed, as well.
Third, appropriation is accomplished through a process of switching from existing meditationalmeans to new ones [32] , which process unfolds over time and includes various types of transformations. The transformations may range from the development of new lower level interaction skills to widespread re-configurations of "webs of mediation", technology-enhanced activity spaces, and artifact ecologies [33, 34] .
The key concepts summarized above have direct implications for the analysis of first encounters of nontechnical users with MRP systems. In line with these concepts, our analysis highlighted: (a) the concrete meaningful activities, existing or imagined, in which MRP systems were anticipated to be used, (b) whether or not the anticipated transformations of existing practices included setting up new goals or adopting better ways to achieve existing goals, and (c) the relationship between anticipated uses of MRP systems and the whole ecology of technological artifacts available to our participants.
Another, related, framework used in the study is instrumental genesis. Instrumental genesis [25] is a framework specifically developed to address the issue of how technologies become integrated into human activities. The framework, influenced by both activity theory and French ergonomics, refers to technologies, which are not yet appropriated, as "artifacts" and provides an account of how "artifacts" are transformed into "instruments", which are appropriated and integrated into human activities. The transformation, according to the instrumental genesis framework, takes place through two different processes; instrumentation and instrumentalization. The former means changing the artifact to make it a more suitable instrument for a certain activity, while the latter means changing activities in order to make the full potential of the technology, e.g., developing new skills or changing work practices.
Embodied interaction is a phenomenologicallyinspired framework, which emphasizes the importance for human-computer interaction research to consider human beings as physically and socially embodied [26, 35, 36] . When HCI emerged as a research field, it mostly focused on particular cases of technology use, especially the use of stationary computers in office work, and employed an abstracted model of the human user as, essentially, an information-processing system. As the field developed, HCI researchers came to realize that this approach is not sufficient for dealing with diverse and ubiquitous uses of interactive technologies, and interaction design needs to be re-framed as "design for and with the lived body" [36] . In particular, Svanaes [36] and Dohn [35] argue that HCI research can benefit from adopting the notion of "body schema", proposed by Merleau-Ponty, which denotes a dynamic construct, reflecting the correspondence of the body and the world and serving as a basis for structuring the space around us.
Study rationale
In this study, we introduced a group of non-technical office workers to a robotic telepresence system by arranging individual hands-on experience sessions for each of the participants. The aim of the study was threefold: (a) understanding how people make sense of the technology and learn how to use it when they encounter it for the first time, (b) eliciting and analyzing participants' reflections on potential future uses of MRP technology in their future work practices, and (c) analyzing participants' suggestions on how the technology could be improved. In other words, our study was an exploratory investigation of the initial hands-on experience with, as well as an anticipated appropriation of, an MRP system by its first-time users. The main purpose was to find novel use cases and improvements that could enable these use cases. We deliberately targeted non-technical office workers in order to get an insight into experiences and attitudes of a broader user group, not limited to people with skills and knowledge in technology. The experience sessions consisted of demonstrating an HCI-lab environment and were designed so that the participants could explore the full range of possibilities and limitations of the technology. The experience session was semi-structured in order to resemble a real demonstration, make sure all important features are covered, and, at the same time, make it possible for the participants to explore and learn the technology freely if desired.
Method
Participants
Eight participants, from 25 to 56 y.o., 5 males and 3 females, took part in the study (see Table 1 ). The study employed a convenience sampling method, with the inclusion criteria being that the participants: a) should be office workers, b) should not be working with developing or maintaining digital systems, and c) had no previous experience of working with robotic telepresence technology. One of the participants personally knew the experimenters before the study; all other participants were recruited through a snowballing technique. The participants were not compensated for taking part in the study.
All the participants were office workers, who use computers on a daily basis, but do not work in the field of IT. Their gaming experience was diverse (ranging from 1 to 5 on a 5-point scale). None of the participants had any previous experience with Mobile Remote Presence technology, but all of them were familiar with video conferences, Instant Messaging, and Email.
The participants were working in three different organizations located in two different Swedish cities (the names of the organizations are changed for anonymity):
(a) Recycle Inc., a small company that has offices in two cities, and is focusing on recycling, (b) University Service, an organization that is providing support to university staff, such as facilitymanagement, printing etc., primarily through face-to-face interaction, and (c) Manufacturing Inc., a company with multiple offices around the world, focusing on manufacturing and selling nuts and bolts to the car industry; Manufacturing Inc. staff is engaged in collaboration with both customers and other offices of the same company.
Experimental setting and equipment
The MRP system used in the study was a BEAM+ from SuitableTech (see Figure 1) . The participants controlled the robot by using a laptop provided by the experimenters. Experimental sessions were simultaneously carried out in two locations: a pilot's location, or "remote environment" (RE) and a robot's location, or "local environment" (LE). The RE was located in the participant work environment, either the participant's own office or a room in connection to the office. The LE was an HCI lab at the University. Two experimenters were present at the same time, one in the RE and one in the LE. The role of the RE experimenter was to instruct, observe, and interview the participants, and the role of the LE experimenter was to interact with the robot according to the session scenario and in general manage the robot's interaction with its physical environment.
Procedure
Each experimental session consisted of three parts: a background interview, a semi-structured MRP-usage session, and a follow-up interview. On average each session took about 40 minutes. Both interviews were semi-structured. All three parts were audio recorded and transcribed, which was complemented by field notes taken by the experimenters. Before the session, all participants received a short, basic, explanation of what MRP-systems are. The background interview focused on participant's work, i.e. tasks, organizational culture, distance collaboration practices, expectations of the MRP-system, as well as their experience with technology, especially video games and computer support for collaborative work. Previous research has shown that experienced gamers are better at controlling telepresence robots [37] . The aim of questions regarding distance collaboration was to understand why the participants needed to collaborate via distance, what technology they utilized, and whether or not they needed to travel to their collaboration partners.
During the usage sessions, the experimenters made observations, took notes, and asked the participants to think aloud. The observations were specifically focusing on how the participants interacted with the interface, how well they controlled the MRP (i.e., how many times the robot bumped into objects in the local environment), and whether they could control the MRP while interacting with the local user.
The follow-up interview consisted of questions regarding the experience with the MRP system, how MRPsystems could be appropriated (both in relation to their work and in general), and what improvements they thought were needed. The questions regarding experience ranged from more open aspects such as "how did it feel?" to more focused questions about their feeling of controlling the robot and their feeling of presence in the room. We also asked them questions relating to their expectations in relation to their actual feelings. To understand the social aspects of the potential everyday use of the technology, we asked questions such as: "How would it feel to meet your manager through this?".
The MRP-usage scenario was a presentation of an HCIlab and was designed to give the participants a proper understanding of the possibilities and limitations of the robot as a technical system, dynamic physical object, and a tool for social interaction.
The scenario began with the participant logging into the MRP system, presenting themselves to the experimenter acting as the Local User, and learning the basic controls. When the participant reached an initial understanding of the MRP system, they were asked to follow the Local User to the other side of the room, which involved going through a few narrow passages, in order to look at various types of equipment located at the lab (namely, laser cutter and 3D-printers), as well as object manufactured by using the equipment. In the last part, the participant was asked to navigate back to the starting position by themselves and look at printed paper posters placed on the wall near the starting position. During the entire time, including the time when the participant was moving the robot, the Local User engaged the participant in conversations.
The scenario thus required the participant to perform the following tasks: navigation in tight spaces, moving the robot while talking, looking at small and large objects both close and from a distance, and trying to get a proper overview of the entire room. For the scenario to feel realistic, a semi-structured approach was taken, meaning that all the sub-tasks of the scenarios were completed, but not necessarily in the expected order, the participant was not aware of these sub-tasks, and the participants was also allowed to act "freely" without being forced into the outlined procedure.
Data collection and analysis
The data were processed and analyzed in four steps (see Figure 2 ): (1) Data transcription, (2) Analyzing "Participant Items", (3) Analyzing Merged Items, (4) Identifying general analytical themes. The first step was to transcribe the interview and observation notes into text. All the data was in Swedish; participants' comments were translated by the authors when quoted in this paper. The second step was to create a spreadsheet where all the data were structured into "Participant Items". Each participant item consisted of a data item, i.e. an observation note or an interview section, a participant identifier, a code, and a category. The codes were first generated and based on these codes, categories were created. This step resulted in 185 participant items, 105 codes, and 13 categories. Code and category are two metadata formats, a code is a short description that is easy to find, and can be used in several items, a category also a short description, but is broader and groups several items. Examples of codes are: "Social norms" and "Zoom on face", and, examples of categories are "Improvement" and "Presence". In the third step, overlapping participant items were paired together in "Merged Items". In total 66 Merged Items where defined, consisting of 44 codes, and 12 categories. Based on these merged items, themes for the "Results" section emerged.
The generation of the codes and categories were both bottom-up, i.e. finding similarities between expressions, and top-down, i.e. using previously mentioned theoretical frameworks (i.e. embodied interaction, instrumental genesis, and activity theory) and empiric studies, as a lens for understanding. The process was iterative, meaning that codes were rephrased, changed and merged.
Results
This section presents the results according to the main aims of the study, described above, that is: (a) understanding participants' hands-on experience when encountering robotic telepresence technology for the first time, (b) eliciting participants' thoughts and reflections on potential everyday uses of the technology, (c) collecting participants' suggestions on how the technology could be improved to better suit their needs and requirements. As explained in section 2.2 "Relevant conceptual frameworks" above, the adoption of activity theory, instrumental genesis, and embodied interaction as theoretical frameworks informing our study resulted in paying special attention to: (a) the concrete meaningful activities, existing or imagined, in which MRP systems were anticipated to be used, (b) whether or not the anticipated transformations of existing practices included setting up new goals or adopting better ways to achieve existing goals, (c) the relationship between anticipated uses of MRP systems and the whole ecology of technological artifacts available to our participants, (d) anticipated modifications and adjustments of the encountered technology and existing work practices, which are considered necessary to make the full use of the potential of the new technology, and (e) the role of their bodies in interaction.
Getting familiar with the MRP system:
An account of participants' hands-on experience
Overall experience
All participants described their experience of the first-time use of robotic telepresence technology as being positive and exciting. After a brief introduction and a short initial learning phase, all of them were also able to control the robot in order to move around in the environment and interact with the local user (experimenter). An indication of successful learning is that these two activities, navigation and social interaction, were often performed at the same time. Finally, all participants could successfully follow the scenario of the practical session and completed all required tasks. Six of the participants explicitly mentioned that the system was easy to use. During the initial learning phase, the participants sometimes noted that using the MRP system felt somewhat strange, and there was a sense of insecurity. However, in most cases the insecurity feeling was short-lived, and the participants soon became more confident and explored the technology more freely.
The evidence from the study indicates that the experience of practically using the MRP system and following the session scenario helped the participants understand the system's potentials. For It was evident that the participants related the system to their current activities, as well as to the whole configuration of technologies that they use. Participants believed that the main technological capability offered by the system was mobility in the local environment. The impact of the technology on the social context of work, as discussed below, was not as significant as we anticipated.
Making sense of the new technology
Analogies with other technologies
When forming an understanding of the system, the participants referred to various types of other technologies already known to them. Two participants related the experience of using the MRP system to playing a First-Person Shooter (FPS) game. One of the participants was expecting that controlling the system would be like driving a remotely controlled car, and, as a result, the participant had higher expectations about speed and maneuverability. Participants expected the MRP system to be similar to the video conference systems they have already been familiar with. For instance, P5 noted that her previous experience with video conference systems was rather negative and that she was positively surprised by the quality of the MRP system's video and audio components. When looking for improvements that would help solve problems with developing the "body image" (which problems are discussed in more detail in below), the participants referred to familiar technologies used in cars, namely back-camera and crash sensors.
References to one's body
The participants related the interaction with and through the robot to their own bodies, and how bodies are used in various human-human interaction situations. For example, in the initial meeting with the local user, two participants found it strange to not shake hands.
Participants mentioned various body features and suggested improvements based on them. Six participants wanted to be able to move their heads and have the same flexibility as they have when moving their own eyes, head, and neck. P8 stated that the current solution felt like having a "stiff operated neck". Five participants wanted the MRP system camera to be more like the human eye, four participants wanted an easy zoom system, and one participant wanted an automatic focus on the local user who is speaking. While the participants referred to their bodies, as discussed below in section 4.1.4, they had problems with developing the "body image".
In general, our evidence suggests that the participants considered their own body, at least implicitly, as an ideal, and their improvements were aiming towards developing the robot to be more similar to a human body.
Spatial presence -"It felt almost like being there"
Spatial presence is defined as the sense of "being in there", being in a different location [38] , in the context of our study the different location was the local environment. Four participants commented that they had a positive experience of their spatial presence. The positive experiences were reflected in comments such as: "It felt almost like being there", made by P1 shortly after he started to use the MRP system, and "The feeling of presence was great", made by P7. It is also evident that the feeling of spatial presence was something that many of the participants were trying to get by using strategies such as spinning around 360 degrees or going into a corner. P5 also noted that the view of the local user was good, indicating that it was a factor contributing to the feeling of spatial presence.
One participant had a negative experience, noting "I did not feel a good spatial presence in the room, I could see the robot moving on the floor, but not how wide it was". She explicitly mentioned spatial presence; however, her comment could also be interpreted to as indicating a lack of embodiment experience (see next section).
In conclusion, the use of robotic telepresence technology was associated with a high level of spatial presence, that is, participants' experience of being in the local environment.
Embodiment -"How big am I?"
All five of the participants who commented on how they experienced spatial presence, as well as two additional participants, pointed out that they had a negative experience of embodiment. They had a hard time understanding the size of the robots' body ("How big am I?"), the impact the robot made when driving into something, and how stable the robot was. The insecurity about the size and potential impact of the robot on surrounding objects resulted in a fear of crashing into something.
To address this issue, four participants suggested implementing crash sensors, similar to that of a car, and one of these participants also wanted a camera facing backward. Two participants said they would like to have more of their own body-senses, i.e. somatosensation and proprioception, to be involved in the interaction: e.g. use their hands to feel objects, be able to control the robot by using their own body, and be able to shake hands. One of the participants stated that the robot turned out to be much more stable than it felt: "It felt kinda stable, but in the beginning, when I was looking down, it felt unstable, like if I drive it too fast, it will flip over" (P4).
Hands-on experience of using an MRP system: Summary
In sum, all the participants could quickly learn how to use the system. When forming their expectations and understanding of the system, they referred to technology familiar to them as well as their own body. In general, they experienced a feeling of being in the room, but at the same time had difficulties in perceiving the robot as their "remote body" and understanding how the robot was positioned in relation to other objects in the local environment.
Anticipated appropriation: Reflections on potential future usage
When the participants were asked about how they envisioned potential uses of the MRP system in their everyday practices, they generally considered the support of social interaction to be of some, even if rather limited, value and thought the addition of remote mobility to the functionality provided by already existing technologies could be valuable for certain activities. The proposed potential usage contexts are listed in Table 2 .
Predicted social usefulness
None of the participants believed that there would be any problem for them to be present in their work environment as a robot, e.g., during meetings with their bosses and coworkers. P2 noted that the robot could be especially useful in social situations, in which one wants to see other person's responses rather than in just "fact-based" discussions. At the same time, some participants were concerned that local people would have a negative experience when interacting with the robot. For example, P1 would want to use an MRP system at a customer site but was afraid that it would be considered "strange" by the customers, and P8 stated: "I think it would be stranger for the boss than for me", when asked if he would want to meet his boss using the MRP. In this respect, it is worth noticing that none of the participants had any previous experience of being a local user. Concerning social activities beyond work the participants were not anticipating particularly significant benefits of having a "robot body". For instance, P8 noted: "I have a hard time picturing a mingle party with this". The participants did not meet the experimenter, acting as the local person, before the study, and two participants noted that it was strange to not shake hands with him. It suggests that following social norms of human-human interaction can be expected in interaction with robotic telepresence systems, as well. Two participants observed that it would be easier to interact with someone who they previously knew, or "At least have met each other in person once" (P4). They apparently reflected on MRP-mediated interaction as a complement to human-human interaction. Two participants stated that it would be socially beneficial for MRP system pilots to see the whole body of local users, including their gestures, to get a better image of their communication partners.
Problems with embodiment experience made P2 feel unsure whether she was standing too close to the local person, i.e., whether acting that way was socially acceptable. In a similar vein, apparent differences in capabilities of the pilot and the local user were believed to have social consequences: the pilot has the power of choosing what should be displayed for the local user, and where to look in the local environment. Three of the participants wanted the height of the robot to be adjustable, for both navigational as well as social purposes. In particular, they wanted to be able to "sit down" when necessary.
Mobility is seen as the most valuable functionality
When asked about potential ways of appropriating the technology in their everyday activities, the participants were mostly referring to work activities, either their own ones or work activities that they did not necessarily take part in.
Manufacturing Inc. employers occasionally need to visit factories or other types of production environments around Europe, to deal with various failures that cause . The participants noted that the freedom and flexibility provided by the technology, in comparison to the use of photos or video conferences, would give a better holistic picture, a "gut feeling", of the environment, and that it would give the ability to look closer at certain aspects of the remote environment, when needed. The participants thought that the use of MRP technology could make it possible to further develop their work practices by visiting the sites proactively, i.e. not only when a failure has occurred, but rather proactively inspecting them to detect and prevent potential problems or find room for improvements. Both Recycle Inc. and Manufacturing Inc. have warehouses, some of which are located far away from their offices and regularly need information from these warehouses, either about the stock or about how a product looks like. This typically consisted of calling someone in the warehouse that could give them photos and answer questions. However, they experienced problems in getting in touch with a person that was available in near the object of interest. Two participants (one from each of the companies) believed that MRP technology could assist in dealing with this issue. The key advantage of the technology, in comparison to a phone call, was, according to the participants, that it would be easier to find an available person in the warehouse, and that they had more freedom in looking at objects of interest.
For participants from University Service, it was, in general, hard to see direct advantages of using the technology in their daily activities compared to the tools they currently use. However, P3 believed that she could utilize the MRP for monitoring classrooms during times that she was expected to be available at her office. That is, the value of the technology for P3 was that she would be able to be present at two locations at the same time.
Some of the participants also discussed how robotic telepresence could be used in activities, which are not related to their work. The participants could see a potential of the technology in elderly-care (two participants) and in various types of high-risk services (four participants). With regards to elderly care, one participant noted that the elderly do not need to know a lot about the technology in order to benefit from it: basically, it is the pilot who needs to be able to control an MRP system.
One participant thought it would be possible to use the system as an information kiosk for places such as hotels, universities, schools, and airports (to the authors' knowledge, no such adoption has been done so far).
Summary of suggested improvements
A total of ten improvement suggestions was made by the participants. The improvement, summarized in Table 2 , range from issues that they experienced when controlling the robot, to anticipated issues when using it in various activities. As an example, the speed of the robot was not an issue in the usage session scenario, but when the participant thought about using the robot in a warehouse, he predicted the speed to be an issue. Some of the proposed features are in fact already implemented in certain existing systems, either commercial products or research prototypes, but they were not implemented in the technology used in this study. 
Discussion
The experience of presence during the use of the MRP system
The results of our study show that two aspects of physical presence, spatial presence and embodiment, were experienced differently by the participants. During the interviews, it became obvious that the experience of spatial presence was something that the participants' have successfully achieved, even after a brief practice. Arguably, a key factor that made it possible was that they could quickly learn to operate the system. The relationship between the feeling of presence and the fact that the system was easyto-use can be understood by using the concepts of "operation" and "action" from Activity Theory. A high level of presence is an indication that the user focuses their actions on objects and people in the environment, that is, interacts with the environment through the robot [39] . It means that interaction with the MRP system is performed at the level of automatic operations, and therefore does not take substantial cognitive resources of the user. If the interaction with the robot were at the level of actions, it would not be possible for the user to have a focus beyond the interface, on the things or people in the room. A breakdown in an operation causes the operation to become an action, thus the user needs to change their focus from acting through the robot to acting on the robot. This was evident when users experienced a low level of embodiment manifested in insecurity about the robot's body in relation to other objects in the room. Thus, breakdowns in the embodiment are an issue that needs to be considered in further research.
The difference in the experience of spatial presence and embodiment is related to the human senses. The MRP robot provides support for humans' vision and hearing, two key senses for having "room awareness". Body awareness, on the other hand, relies heavily on proprioception. In light of this, participants' suggestion to employ sensors that could, even if through vision and hearing, support this lack of proprioception, appears to be reasonable. In designing such sensors, two main strategies can be considered: supporting user's operation by providing additional information in the background and designing alerts in order to cause a breakdown in the operation. An alternative method is to reduce the need for an embodiment, e.g., by providing a semi-autonomous system for navigation support, so that crashes would not occur.
Actions can transform into operations as a user learns how to interact with the robot. Therefore, it can be expected that some of the breakdowns related to body awareness are going to be reduced when the users gain additional experience. The learning aspect, that is the development of operations, can help understand why the majority of the users learned to control the robot so fast. Arguably, they could use operations and mental models from their previous experience. While none of the participants had any previous experience with MRP systems, they used other technologies, such as cars and video games. As follows from previous research indicating that experienced gamers perform better when driving a telepresence robot [37] , the experience with other technologies could be a factor influencing what we observed in our study. Evidently, similarities between these technologies and MRP-systems could and should be capitalized upon when designing MRP-systems, especially considering the wide array of interaction solutions for digital games, and the increasingly popular (semi-) autonomous cars.
A potentially relevant issue, which was not addressed by the participants, is how the experience of presence and understanding of the robot's body might be enhanced by adding a third person perspective, similar to that used in various games.
Understanding the body in social interaction
The robot body takes up space, and the mere presence of the body seems to alter users' perspective on social behavior. Some comments from the participants indicate that their frame of reference might not support an adequate understanding of the role and place of the "body" in the social context of robotic telepresence. Instead, they mostly related to their own body or familiar communication technologies. Concerns emerged in the interviews, such as meeting someone without shaking hands, or an anticipated feeling of strangeness experienced by local people. When a user states that it is strange not to shake hands, it is obvious that the reference is their own body because it is not possible to shake hands using the other mentioned technologies (with exception of some video games). Two, not mutually exclusive, general strategies of dealing with this issue are possible: assuming that new social norms will be formed around the use of existing technology and implementing new features in order to support existing social norms. These strategies can be illustrated as follows. On the one hand, the participants in our study have had experiences of technologies that mediate social interaction, without any possibilities of touch, such as telephone and Instant Messenger. Instead of touch, other norms have been formed, and arguably in the MRP systems, suitable greeting norms are to be developed. On the other hand, the negative social events reported by [7] , suggest that there might be a need for further development of supporting the social norms, including that of the robot body's role, especially in situations where the pilot is not known by the local users. A potential consequence of merely relying on social norms to be formed around the technology is that the breakdowns of usage could be so severe that the users stop using the technology before social norms have begun to form.
Expanding the action space with Mobile Remote Presence technologies
The results of our study suggest that the participants considered the MRP system in relation to their current artifact ecology. The system was mainly seen as a communication technology that supports interaction, being somewhere in between video/phone-communication and a physical meeting. The biggest benefit that they saw was the mobility that gives the pilot the freedom to explore the local environment, a capability not provided by other devices. On the other hand, they did not see that much potential for purely social interaction. The mobility as such makes it possible for the user to act in environments where freedom of observation is essential for forming a "gut feeling" and a holistic view of the environment, such as in case of troubleshooting a production line. Mobility was also considered valuable in dynamic environments, such as warehouses, for instance, when one needs to look for a person in a particular location. What both appropriation possibilities have in common is that the focus is on the environment rather than on interacting with a person and that the environment is not static. MRP-systems have the benefit of being deployable in most indoor environments, which points to their further potential for appropriation in various activities. Based on this study, our suggestion for further exploration of use-cases for MRP-systems should be focusing on activities that require mobility in a remote environment per se and should not necessarily be limited to activities that involve local users.
Improvements for appropriation
In total ten improvements where mentioned by the participants, many of them already implemented in various forms of solutions in devices such as Giraff [16] , VGO [40] and Double [41], or have been previously addressed in other cases [3, 15] . What is interesting with this set of improvements is that several of them were made to facilitate the appropriation of the technology in activities where MRP has not, to the authors' knowledge, been utilized yet. Thus, the suggested improvements provide an indication of what is needed for the MRP system to be used in various situations, i.e. the requirements of a potential user, and what a developer should consider when designing the robot for a certain use-case.
When comparing the improvements proposed by the participants in this study to those suggested in related studies, it is evident that there are features of MRP systems that are beneficial in multiple activities. For example, moving the head/camera was, in our study, motivated by a need to look at details in the remote environment, where the main motive, for the same functionality, in [42] was to look at local users during social interaction. Identifying, and implementing features that are beneficial for a broad variety of activities is a good strategy for enabling appropriation into various contexts.
There seems to be a basic set of problems that is identical regardless of activities, for example, looking at details in the room was also experienced as problematic in [15] , but in this case, the camera's resolution was identified as the weak link. Understanding and analyzing these basic set of problems is of interest since it would generate general design patterns based on empirics.
Several of the mentioned problems, and suggested improvements, where related to embodiment and social interaction. Often the participants referred to their own body, suggesting that the human body, including bodily behavior, should be taken into account in further development. Meaning that design should aid the pilots' embodiment, and usage, of the robot's body, both in terms of social an non-social interaction.
Predicting appropriation for social activities
Previous studies have demonstrated a positive impact of robotic telepresence on social interactions [1] and social presence [21] . The participants in our study also believed that MRP had various beneficial capabilities for social interaction, and expressed confidence in future uses involving social presence via MRP. At the same time, they had some doubts regarding local users' reactions to the robot and the general social value of MRP. In our study, the key activities that the participants thought were suitable for MRP were not purely social, instead, they were activities that mostly capitalized upon the physical, material aspects of remote mobility. The mixed result is of interest since it questions the participant's ability to see the long-term value of technology, after its initial appropriation. We argue that this divergence can be explained by three different, but related, reasons: 1) social interaction is secondary in the everyday workplace activities of our participants, 2) social benefits are hard to predict due to their complex, and implicit, nature, and 3) the interactions with the experimenter differed too much from the social interaction in participants' everyday life.
The participants mainly suggested types of appropriation related to workplace activities where social interactions are seen as less important, and, furthermore, all of the participants had other means of distance communication in their current artifact ecologies. At the same time, it is reasonable to question the participants' predictions, since social aspects are expected to evolve over time, and the usage scenario in this study might not have been enough to aid the participants' prediction about this potential development. Adding a telepresence robot into participants' artifact ecology could potentially change the action space in such a way that telepresence becomes a crucial component of social interactions. For example, if the telepresence robot are employed in the abovementioned activity of troubleshooting a production line., it would probably not too far-fetched to anticipate that its social capabilities would be utilized in activities previously reserved for other communication technologies. Further studies of the relationship between users' predicted appropriations and actual appropriations are needed in order to properly assess predictions based on initial appropriation.
In a similar line of reasoning, a relevant, and interesting, research question is: "how do users change their perspective when they are not novice users any longer and become experts?". Knowledge about anticipated appropriation and its dynamics over time could generate useful insights into how to conduct user studies with users with different types of expertise.
It is worth noting that the participants' reservations about the local users' experience of robotic telepresence, especially regarding people unknown to the pilot, are in line with the evidence about negative user experiences from a previous study conducted at an academic conference [7] . Again, this phenomenon is worth studying from an appropriation perspective, since local users are also a user group that needs to appropriate the technology.
Reflection about the method
In this study, the participants were novice users in the sense that they had never used any kind of MRP-system before, and both the general concept of robotic telepresence and the particular system, BEAM+, were novel to them. Their lack of experience was also manifested in that they related their experience to experience with other technologies (games, cars, etc.) or their own body, instead of relating it to another MRP system. As a result, participants' comments were free from previous assumptions about what an MRP system is, and we could capture participants' initial experience and thoughts about possible appropriation. This means that we did not only study their first interaction with the particular system, BEAM+, but also their first interaction with any type of MRP-technology. Therefore, we had the opportunity to study the very first impressions and thoughts of the participants about the technology and how it can be used.
When asked about their views regarding the activities, in which MRP systems could be appropriated, the participants highlighted problematic activities that could be solved by other means. For example, the issue with warehouse visits could be solved by moving the office closer, having a small stock of parts in the office for viewing, and/or providing a more advanced support for keeping track of stock levels. This indicates that priming the participants with a possible solution could make them aware of problems that previously were not considered. Even though supporting social interactions was not viewed by the participants as a particularly important aspect of potential appropriation of MRP technologies, it is likely that social interactions would occur in activities enabled by the MRP systems anyway. Understanding how such social interactions emerge and develop over time is a question that could not be addressed in the present study, conducted in a controlled environment. Another limitation of the study is that the participants only acted as pilots, and their understanding of how the technology can be used by local people was not based on a hands-on experience. A potential issue to be addressed in further studies is providing the participants with hands-on experience of acting as both pilots and local users.
Conclusions and future work
In this study, we introduced robotic telepresence technology to non-technical users having no previous experience with the technology and analyzed participants' hands-on experience with the technology, as well as their reflections on its potential benefits for their work practices. We have been able to obtain empirical evidence regarding the first experience of using the system, the acquisition of initial skills of controlling the device and navigating it in a remote physical space. The evidence also provides insights into anticipated appropriation of the technology, that is, reflections on potential activities, in which the MRP-technology can be appropriated. In total, seven use cases were presented, and of these, to the authors' knowledge, only two have been explored in research. In relation to the previously mentioned activities, we obtained participants' suggestions for possible improvements of the technology. This generated ten suggestions in total. Several of these improvements have been explored in other studies, however, mostly in relation to other activities and problems.
During their first practical encounters with the technology, the majority of the participants were initially insecure, but could quickly learn how to operate the system, indicating that the system was easy to learn and use in the given scenario. The participants experienced a high degree of presence in the remote setting, but a low degree of embodiment, that is, experiencing the robots' body as their own (e.g., understanding how big the body was, and how it was related to other objects in the environment). Thus, embodiment is an area of improvement for further development of MRP-systems.
When the participants reflected on a potential impact of MRP technology on their activities and artifact ecologies, they saw the mobility of the technology as the most valuable addition. This finding suggests that there was a tendency to view MRP systems as something mainly intended for supporting pilots' freedom of movement and to view social aspects as secondary.
The potential impact of robotic telepresence on social interaction was considered by the participants to be generally beneficial, but mostly not in relation to participants' own activities, and especially not for activities that involve meeting previously unknown people. The finding of low anticipated social impact could be seen as somewhat inconsistent with findings of previous studies, and further research is needed to properly address this issue. An evaluation of how predicted appropriation changes over time can be done by studying actual appropriation processes, including the development of strategies and social norms during a longer period of technology use. Our findings also indicate that future studies should focus on experiences of not only MRP system pilots but also local users, which are, people in the physical location of the system.
